Implementation of Pre-defined Potential Scope Reductions in Projects  by Olsson, Nils O.E.
 Procedia Computer Science  64 ( 2015 )  387 – 394 
Available online at www.sciencedirect.com
1877-0509 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of SciKA - Association for Promotion and Dissemination of Scientific Knowledge
doi: 10.1016/j.procs.2015.08.503 
ScienceDirect
Conference on ENTERprise Information Systems / International Conference on Project 
MANagement / Conference on Health and Social Care Information Systems and Technologies, 
CENTERIS / ProjMAN / HCist 2015 October 7-9, 2015 
Implementation of pre-defined potential scope reductions in projects 
Nils O.E. Olsson* 
Norwegian University of Science and Technology, Valgrinda, N-7491 Trondheim, Norway 
Abstract 
The paper maps the use of reduction lists in major railway investment projects. The reduction lists consist of scope reductions that 
are not desirable, but that can be implemented in large Norwegian governmental investments if there is a risk of cost overrun. This 
study analyzes volume and characteristics of actual implementation of the potential scope reductions of railway projects. The study 
is based on major Norwegian railway investments finished during the last 10 years. Information about use of reduction lists is 
obtained from direct contact with project managers. We have data for seven rail projects, and detailed information for one of them. 
Five of the projects had reduction lists established in the front-end phase. Three of the projects did implement reductions listed on 
the reduction lists, but none implemented the full reduction list. Findings indicate that the reduction lists have limited use as an 
active tool for controlling costs, because the saved amounts are small compared to the total budget for the projects. Contingencies 
appear to be a stronger tool for cost control than reduction lists. The findings are of interest related to cost control of investment 
projects, both in railways and other sectors. 
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1. Introduction and purpose of the study 
Cost control is a key issue in major investment projects, including railways. According to Chevroulet et al., the 
majority of transport infrastructure projects in the European Union are subject to cost overruns1. Flyvbjerg et al. point 
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to cost escalation in major infrastructure projects, and rail in particular2. However, some studies show a different 
picture. Cantarelli et al.  found that Dutch rail projects have relatively lower cost overruns3. This paper studies how 
possible reductions of railway infrastructure investment projects are managed. The reduction lists are part of the 
Norwegian ministry of finances’ quality assurance program (QA), which applies to large government investment 
initiatives3. These investments include major railway investments, but also investments in the sectors of defense, other 
kinds of transport, public buildings and major IT initiatives. The QA initiative came as a response to major cost 
overruns on public projects during the 1990s, including railway projects. A key part of the Quality-at-entry regime is 
that pre-qualified external consultants are assigned to perform quality assurance of the projects. Evaluation of potential 
scope reductions is one part of the analyses. The purpose of the study is to follow up the use of potential reductions 
for completed railway projects. The research questions in the study are:  
x to what extent are possible scope reductions in railway projects implemented during project execution? 
x are budget contingencies or experienced cost overruns relevant explanation factors regarding 
implementation of scope reductions? 
x what are the characteristics of implemented scope reductions? 
 
In addition, we discuss practical implications of the study, and alternatives to the studied reduction list. 
2. About reduction lists 
In 2000, the Ministry of Finance in Norway introduced a scheme which regulated mandatory quality assurance and 
uncertainty analysis for all large public projects exceeding first NOK 500 million (ĬEUR 60 million), and since 2011 
NOK 750 million. The scheme includes two external reviews in major investment project’s planning process: Quality 
assurance (QA1) of choice of concept before Cabinet decision to start a pre-project and, Quality assurance (QA2) of 
the project maturity and cost estimates before the project is submitted to Parliament for approval and funding4. Pre-
qualified consultants do QA1 and QA2. In QA2, the consultants review the documentation that supports the 
proposition presented to Parliament, with special emphasis on cost estimates. QA2 advisors give recommendations on 
two types of measures to avoid cost overruns; project contingencies and reduction lists. The QA2 advisors present 
stochastical cost estimates with related probabilities. Based on these, they recommend a size of project contingency. 
The QA2 advisors also assess the feasibility of potential reductions that may be performed if other parts of the project 
turn out to be more costly than planned, and propose a list of such potential reductions.  The reductions address parts 
of the project scope that can be taken out if necessary. It can be measures that do not threaten the basic functionality 
that is provided by the projects. The scope of the reductions is described in the QA2 reports and potential cost reduction 
are calculated. Many agencies and QA2 advisors choose to set due dates for when the various reductions must be 
resolved in order to realize cost savings. 
The QA advisors shall recommend a budget for the project. The total budget corresponds to a probability in percent 
that the project will be carried out on the defined budget. If a budget is based on 85% subjective probability, this means 
that there is only a 15% probability that this sum will be exceeded. Budget recommendations are normally P85 (85% 
probability of avoiding cost overrun) minus the reduction list. However, reductions list are not always applied when 
recommending project budget. 
The Norwegian reduction lists have been studied ex ante previously, based on the QA2 reports. Olsson and 
Magnussen studied reduction lists in QA2-report in the first 47 QA2-reports4. They found that reductions in quality 
and volume of the project delivery were the most common type of reduction. Previous studies have pointed to the 
challenge that the scale of the reductions lists is reduced fast early in the projects. Olsson and Magnussen showed that 
when the projects were halfway on the planned duration, the volume of remaining, still possible reductions had dropped 
from six percent to less than one percent of the total project budget5. Cui and Olsson found that the size of the initial 
reduction lists in the QA2 reports had a range from almost zero to 18% of project budgets6. 
These ex ante studies map characteristics of the potential reactions as they are described prior to the final funding 
decision of the projects. This study takes the research on reduction lists one step further by analyzing the volume and 
characteristics of actual implementation of the potential scope reductions of railway projects. However, we first 
provide a short overview of experiences from approaches similar to the Norwegian reduction lists.  
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3. Reduction lists and similar measures 
There are several examples of approaches that apply scope changes as tools for cost reductions. Literature with 
relevance to the reduction lists comes from different research traditions, including scope management and scope 
changes, value engineering, design to cost and different target price contracts as well as project flexibility and real 
options. Gilbert et al. discuss reduction lists in a chemical plant project7. This is one of few studies that explicitly use 
the term reduction lists. 
Value engineering is an approach with similarities to the logic behind the reduction lists. Value engineering includes 
to critically review deliveries and specifications of a project to determine the most resource-efficient approaches to 
achieve the core functionality of the delivery8-10.  According to Palmer et al. value engineering was developed during 
World War II11. Value engineering was initially focused on dealing with material unavailability, but developed to 
become a means of identifying lower-cost designs and lowering the cost of manufacturing12. Value engineering has 
developed to a method for reducing cost and improving the value of construction projects13. A result of a value 
engineering review can be that functionality that is not required to achieve the core functionality can be taken out of 
the project. In this sense, value engineering generates reduction lists.  
There are some studies of implementation of scope reductions generated from value engineering initiatives. Based 
on a survey, Palmer et al. found that it was common to conduct a value engineering analysis at the 35 per cent design 
stage, typically using an external team of reviewers11. The 35 per cent design stage is a point in the process where cost 
data are readily available and savings can be identified. Value engineering proposals were often implemented partially 
or in modified form11. Proposed savings made by value engineering studies were approximately 30% of project cost 
and the implementation of these proposals was around 30%11. This means that cost reductions equivalent to an average 
of approximately 10% of total budgets were implemented. 
 Kwok et al. present a value engineering methodology for railway construction projects. They report that in the case 
of West Rail in Hong Kong, value engineering generated savings in the order of several billion Hong Kong dollars14. 
FTA15 describe how The Fort Worth Transportation Authority used value engineering to identify savings of 
approximately 14% of total project cost. FTE reported a return of investment of USD85 for every USD invested in the 
analysis15. Hennessey and Bexten present the results of a value engineering effort for the replacement of the Arbor 
Rail Line Bridge in Nebraska16. Bennett and Adams describe that value engineering was used by the Port of Tacoma 
to identify reductions in a major reconstruction of a harbor facility17. 
Target cost contracts (TCC) are one approach to achieve a similar affect as the reductions lists have. TCC include 
that the scope of projects can be adjusted by agreement between the client and the contractor. Any savings or overruns 
between target cost and actual cost at completion are shared between the parties. This creates a situation similar to the 
reduction lists used in Norway, but with shared incentives for the client and contractor. Chan et al. report on a case 
study of metro station modification and extension works in Hong Kong, which was completed with significant savings 
in both time and cost by introducing the TCC procurement strategy18. 
Asiedu and Gu discusses design-to-cost19. The design-to-cost approach shares features with the reduction lists, but 
is more of a continuous process. Design-to-cost is applied in the railway sector, as described by Geissenheimer20. 
We find that there are several examples of methods that open up for scope reductions as a tool for cost control. 
However, most of these approaches are not based on predefined reductions, as the Norwegian reduction lists are.  
4. Methodology 
This study is based on two main data sources. The first is QA2 reports, which list the original reduction lists as well 
as budgets and contingencies. The second data source, information about use of reduction lists is obtained by contact 
with the project managers for the five projects that had reduction lists established in the front-end phase. They were 
first contacted by e-mail, with a follow-up telephone conversation about the use of reduction lists. The e-mail included 
a short introduction about the research project, a copy of the reduction list from the QA2 report and questions about 
what reductions that were implemented, what cost reductions that were obtained, and a question about their general 
experience with reduction lists. The same questions were repeated in the following telephone conversation. Minutes 
were written immediately after the conversations. The final cost of completed projects is based on data collected by 
the Concept programme21 and yearly parliamentary bills from the ministry of transportation. At the time of cut-off of 
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the research, seven railway projects that were subject to the quality assurance scheme had been finished. This study 
covers all of these projects. We have collected information about use of reduction lists for the five projects that had 
reduction lists established in the front-end phase of the projects. No projects declined to participate in the study. 
Data for each individual project is collected in a database. The database contains general information about the 
projects, such as dates for key decisions, budgets and contingencies. The database also include registrations of actual 
implementation of the potential reductions, including if the scope reduction was implemented fully, partially or not at 
all, along with planned and actual use of reduction lists. There is no formal requirement for the projects to register 
implementation of scope reductions with traceability to the reduction lists in the QA2 reports. This means that use of 
reductions and amounts saved are not easily available in project documentation. However, one of the studied projects, 
new double track Sandvika-Asker, had summarized all savings that were made during the project. These savings 
included, but were not limited to the reductions stated in the QA2 report. Based on the summary of the savings in the 
Sandvika-Asker project and four additional interviews about use of reduction lists, a case study could be made on a 
more detailed level than was possible for the other six projects.  
5. Budgets, contingencies and reduction lists in the studied projects 
We have studied the seven largest railway investments finished during the last 10 years in Norway and mapped the 
use of reduction lists in these projects. Table 1 summarizes use of reduction lists in these projects.  
Table 1. Project overview, including size of contingencies and reduction lists, and use of reduction lists. 
  
Double 
track 
Sandvika-
Asker 
GSM-
R 
Lysaker 
Station 
Double 
track 
Sandnes-
Stavanger 
Double 
track 
Lysaker 
Sandvika 
Double 
track 
Barkåker-
Tønsberg 
Gjevinge-
åsen 
tunnell 
Total 
(no. of 
projects) 
Budget (million 
NOK) 4065 1700 988 1750 3100 1490 700  7 
Contingency 537 210 78 250 370 120 80   
Contingency (% of 
budget) 13 % 12 % 8 % 14 % 12 % 8 % 11 %   
Reduction list 
(million NOK) 115 39 40 0 0 27 11   
Reduction list (% 
of budget) 2.8 % 2.3 % 4.0 % 0 0 1.8 % 1.6%   
Reduction list as 
percentage of 
contingency 21 % 18 % 51 % 0 0 22 % 13 %   
Contingency + 
reduction list 16 % 14 % 12 % 14 % 12 % 10 % 13 %   
Reduction list used 
to recommend 
budget X         X X 3 
Had reduction list 
in QA2 X X X     X X 5 
At least one 
reduction fully 
done X             1 
At least one 
reduction partially 
done X   X     X   3 
Not used 
reductions   X         X 2 
Cost overrun      X X (major)       2 
 
As can be seen in table 1, the size of contingency is between 8 and 14%. However, the projects with lowest 
contingency had reduction lists in addition. Reduction lists represent between 1.6 and 4% of the budget, and they are 
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typically much smaller than the contingency. The ratio of reduction list to the contingency is in the range of 0 to 50%, 
but typically about 20%. The projects with no reduction lists had contingency in the higher range. We note that the 
sum of contingency and reduction list has a range between 10 and 16%. The project with the highest contingency, 
double track Sandnes-Stavanger, had the highest cost overrun (as seen in table 1), implying that the quality assurers 
had indications that this was a project with high uncertainty. 
Five of the seven projects had reduction lists. Table 1 show that three of the five project with reduction lists used 
some of the reductions. However, no project used the full reduction list. Of the three projects that used the reduction 
list, especially double track Sandvika-Asker used reductions to avoid cost overrun. This will be described in some 
more detail later. Lysaker station did have a cost overrun and did use the reduction list partially. The reduction list of 
this project was very general, and did not include specific scope reductions, as shown by table 2. This reduction list 
was not used when establishing the size of project contingencies for the Lysaker station project (as shown by table 1). 
Two projects, GSM-R and Gjevingeåsen did not need to use the reduction list. 
We have data on actual savings for two of the studied projects that did use the reduction lists. Table 2 shows that the 
actual savings from use of reduction lists are lower than the total reduction lists.  However, the following case study 
of one of these projects indicate that actual work on reductions and cost savings during project planning and execution 
is not limited to the items that were listed in the QA report. The projects continue to work on optimization of the 
projects. 
Table 2. Actual savings from use of reduction lists. 
Project Possible reductions 
(on list) 
Actual savings (on 
items on list) 
Type of reduction 
Double track Sandvika-
Asker 
115 72 Not prepare for future projects. Reduced 
usability on stations. See next section for 
details. 
Lysaker Station 40 Not stated Stated reductions were general cost savings, 
not specified scope items. 
Double track Barkåker-
Tønsberg 
27 7.5 Only prepare for, but not finalise a track for 
alternative driving pattern 
5.1. A case. New double tracks Sandvika-Asker 
The new railway double track between Sandvika-Asker includes a double railway track connecting between 
Sandvika and Asker near Oslo. This line is a 9.5 km long section of a planned larger new double track line between 
Lysaker and Asker, starting 7 km from Oslo Central Station. The project was finished in August 2005 and had a cost 
of approximately 450 M€. The project also included rebuilding two larger stations. The QA2 report was submitted on 
11th of June, 2001 with reduction lists of NOK 115 million and recommended budget of NOK 4065 million. The 
initial reduction lists represented 2.83% of planned project budget, as seen in table 2. During the construction phase 
it was decided to implement some of the reductions, to prevent cost overruns. Implemented reductions included: 
 
x Reduced tunnel profile, reducing design speed from 200 km/h to 160 km/h (limiting future max speed.)  
x A planned train turning station was not built. First plans included a turning station so that train routes 
could end at a municipal center halfway on the line without capacity loss  
x For the largest station in the project, all heating cables were removed in roofed platforms, stairs and ramps. 
Hence other solutions were needed to remove ice and snow in winter, causing further platform design 
changes and also new safety analyses for public areas. 
 
During construction, neither the train operators, nor the timetable coordinators at the Railway authority could 
demonstrate in detail how the tracks would be used in a revised timetable and production plan. This made it easy for 
the construction project to perform scope reductions. 
A summary of the reductions is found in table 3, along with information about the amounts that were actually saved 
on the items on the reduction list. Among the possible reductions on the reduction list from the QA2-report, reductions 
of 72 million were implemented. This represents 1.8% of the budget and 62% of the amount on the original reduction 
list. 
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Table 3. Reduction list from QA report, and actual savings on these items in the project Sandvika-Asker. 
Reduction item  Explanation and comments Amount on 
reduction list 
(million NOK) 
Actual 
savings  
Other 
actual 
savings 
Not do preparations for a turn-around-
trains station at Jong 
Do not build a turn-around station to 
create more options for turning trains 
between the established stations 
10 30  
Reduce freeze protection of the bottom 
of the tunnel 
Less isolation may require adjustments of 
the rail tracks after frost heave 
6 0,5  
Esthetical work (green areas, trees, etc.) Reduce ambitions of aesthetically related 
work 
6 0,9  
Bridge over E16 will be built simpler The gravel layer of existing bridge is too 
thin, which causes extra maintenance cost 
4   
Not prepare Ringerike line Not prepare for connection to a possible 
future line 
25 30  
Reduce user friendliness at stations Reduced passenger comfort, such as 
shorter platforms, no heating of platforms, 
no roof, and other measures 
24 10,6  
Optimize track construction  Requires that the whole line from 
Sandvika to Asker is built all-in-one 
15   
Other identified possible reductions 
which have not been verified 
Technical verification will be done in the 
first half of 2001 to see if these reductions 
are realistic 
25   
Implemented reductions that were not 
on the QA2 reduction list 
   96,7 
Sum (million NOK) 168,7 (all reductions) 115 72 96,7 
Size of reductions as percentage of 
budget 
4,2% 2,8% 1,8% 2,4% 
 
In addition to reductions that were part of the reduction list from the QA2-report, additional reductions of 96.7 
million were done, equivalent to 2.38% of the control frame. These are reductions that were made, but were not listed 
in the reduction list in the QA2-report. These possibilities of reductions occurred both in the planning and 
implementation phases. In addition to scope adjustments, the project managed to transfer expenses to other 
stakeholders, in this case road authority and the local municipalities. 
The overall reductions are thus 169 million, equivalent to 146.7% of the original reduction list and 4.2% of the 
project budget, see Table 3. The analysis shows that the reductions on the list were actively used, but it also shows 
that the QA2-process only was able to identify less than half of the actually performed reductions. 
6. Discussion about the use of reduction lists in railway infrastructure projects 
We found that the original reduction lists, from the QA2 reports represented between 1,6% and 4% of project 
budgets, and that these reductions only get partially implemented. However, one case shows that additional savings 
and scope reductions can come in addition, but the total saving still only represented 4,2% of project budget. This is 
smaller cost savings than are reported from value engineering studies, where Palmer et al. found that potential savings 
identified in value engineering studies were approximately 30% of project cost, and actual savings from implemented 
proposals was around 10% of total budgets were implemented. FTE reported saving of 14% of total project cost from 
value engineering15. Chevroulet et al. concluded that effective and efficient implementation of railway projects 
requires a sufficient level of project maturity1. It is likely that the size of savings is depending of project maturity at 
the time of review. Large savings from value engineering may therefore be an indication of relatively low project 
maturity. One purpose of the Norwegian QA scheme is to make sure that the projects that get funding are well analyzed 
and ready for implementation. The low saving from reduction lists indicates that the potential for cost savings on 
scope reduction is limited during execution. This may question the importance of reduction lists, but may also confirm 
that the projects were relatively well prepared at the time of decision. 
The positive comments about the reduction lists apply to the reduction lists contribution to a general cost awareness 
and critical review of the project. 
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The reduction lists have been controversial for several reasons. One issue has been that the reductions can affect 
the quality and usability of the delivered infrastructure. A key drawback of the reduction lists is that decisions about 
possible reductions must be done at an early stage. At this stage, the projects do not know if they actually will get a 
cost overrun. Finally, the reduction lists represent a relatively small amount, compared to the total budgets, and are 
therefore a weak tool for achieving cost control. Reduction lists are of a smaller magnitude (up to about 10% of project 
budgets) than some of the observed overruns. It is therefore unrealistic to expect that the use of reduction lists can 
eliminate overruns. But reduction lists can still help to reduce overruns. 
We have also seen that actual adjustments of projects can be done independent of the reduction lists in the QA2 
report. The projects state that they continue to work on optimizations of the project during planning and execution, to 
a certain extent regardless of the reduction lists. Some of the projects were not very aware of the content on the 
reduction lists. The case Asker-Sandvika, with documentation of implemented reductions, shows that the items on the 
reduction list accounted for less than half of the actually performed reductions.  
Alternatives to the studied use of reduction lists include a continuous development and updating of reduction lists 
and demands for value engineering controls during the projects and in particular if projects are applying for use of the 
uncertainty contingency. Both these approaches would focus more on establishing a framework for identification of 
reductions if and when needed, instead of trying to identify specific reductions early on in the projects. However, the 
reduction lists gets attention and authority from the inclusion in the QA2-process. If one heads towards a more general 
recommendation of use of value engineering and continuous development and updating of reduction lists, there is a 
risk that the respect for the reduction lists is reduced. It may therefore be desirable to have a formal system that requires 
value engineering reviews before projects get access to contingencies. Focus of the reduction lists is one-sided towards 
reductions. One alternative approach is to open up for opportunities and improvements, rather than just focusing on 
reductions. Value engineering could be applied to focus on what creates value by asking: “What is necessary to achieve 
the project's target outcome?” Parts of the projects that do not create value to are candidates to be on the reduction 
list, while other parts of the projects could be expanded. 
Further research is suggested to study use of reduction lists in other major investments, in addition to railway 
projects.  
7. Conclusion 
The paper maps the use of reduction lists in rail projects. The aim of the study is to follow up the use of potential 
reductions for completed railway projects. One research question is related to what extent the predefined possible 
scope reductions in railway projects were implemented during project execution. We have data for seven rail projects, 
and detailed information for one of them. Five of the projects had reduction lists established in the front-end phase. 
Three of the projects did implement reductions listed on the reduction lists, but none implemented the full reduction 
list. 
The second research questions addressed if budget contingencies or experienced cost overruns influence the 
implementation of scope reductions. We have studied budget contingencies and cost performance of the projects, to 
investigate if these are relevant explanation factors regarding implementation of scope reductions. Of the three projects 
that did use reduction lists, two did not have a cost overrun, while the third had an overrun. The study indicate that 
the reduction lists contribute to cost-consciousness, but that they have limited use as an active tool for controlling 
costs, because the amounts that are saved are small compared to the total budget for the projects. Reduction lists are 
smaller than the amount of the overruns. Reduction lists therefore do not appear as a mean to avoid overruns, especially 
large ones. The reduction lists were typically about one fifth of the contingencies in size. Contingencies appear to be 
a stronger tool for cost control than reduction lists. In addition, the size of the contingencies reflects the uncertainty 
of the projects more accurately than the reduction lists. 
The last research question was related to characteristics of implemented scope reductions. Implemented reductions 
can be sorted into three categories. The first one is general cost savings that are not linked to specific scope items. 
This type of reduction was mainly implemented by one project. The second category is to not prepare for an alternative 
train traffic pattern on the railway infrastructure. This type of reduction was implemented by two projects. One of the 
projects implemented two such reductions. Finally, one project implemented measures that reduced the quality of the 
infrastructure, while maintaining the core functionality. This includes esthetical appearance of the track space and 
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stations, as well as user-friendliness of stations, including roofs and platform heating (to melt ice and snow). The study 
shows that it is challenging to identify all relevant potential reductions in the front-end phase of projects. Projects 
continue to work on optimization of the project design. As a consequence, the reductions that are implemented are not 
the same ones as were listed in the front-end reports. If the potential reductions from the front-end reports are 
implemented, they are typically only partially implemented. 
The study has practical implications on recommended practice. To function as intended the possible reductions 
must have the support of relevant stakeholders, and be technically and contractually possible to implement in a late 
phase of the projects. It is difficult to identify potential reductions early in the projects. Reduction list cannot replace 
contingencies as a tool for cost control. An alternative to the present use of lists is to apply value engineering reviews 
later in the projects. 
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